8 4 1 share the same standing variation within the genomic regions and genes that regulate 4 2 resistance. Our results provide further knowledge and may help establish better control for 4 3 sea lice in fish populations. 4 4
We found 5 chromosomes harboring 7 loci explaining more than 1% of the genetic 1 4 2 variance for sea lice resistance in Atlantic salmon ( Figure 2 ). In general, these regions 1 4 3 explained a low percentage of the total genetic variation with a maximum of 3% explained 1 4 4 by a single locus. Thus, two SNP windows (a window was defined as 20 contiguous SNPs) 1 4 5 in Ssa3 explained 1% and 1.4% of the genetic variance. In Ssa6 there was a window that 1 4 6 explained up to 1.9% of the genetic variance, while two windows that explained 1.7% and 1 4 7 3% were found in Ssa9. In addition, in Ssa20 and Ssa25 we found windows that explained 1 1.05% and 1.33%, respectively. Table 3 shows the variance explained by each window of 1 4 9 SNP in both species. 1 5 0
For rainbow trout the GWAS for LogLD identified 13 regions located in 13 different 1 5 1 chromosomes that exceeded 1% of the total genetic variance ( Figure 2 ). Similar to Atlantic 1 5 2 salmon, these windows explained a low percentage of the total variance with a maximum 1 5 3 of 2.77%; nevertheless, the number of regions surpassing 1% of the genetic variance 1 5 4 explained was almost double in rainbow trout compared to Atlantic salmon. The important 1 5 5 genomic regions in rainbow trout were located on chromosomes Omy2, Omy3, Omy4, 1 5 6
Omy7, Omy9, Omy10, Omy14, Omy15, Omy16, Omy21, Omy26, Omy28 and Omy29, and 1 5 7 explained 1.6%, 1.7%, 1.03%, 1.17%, 1.6%, 1.2%, 1.4%, 2.77%, 1.07%, 1.3%, 2.3%, 1 5 8 1.7% and 1.2% of the genetic variance for LogLD, respectively (Table 3 ). 1 5 9
As has been previously reported for other disease resistance traits in aquaculture 1 6 0 species 18,20,27-29 , our results suggest that sea lice resistance is mainly of polygenic nature 1 6 1 (i.e. many genes with small effect are involved in the trait). These results agree with 1 6 2 previous studies on sea lice resistance, where a similar genetic architecture was 1 6 3 The exploration of the genes within the windows that explained over 1% of the genetic 1 7 2 variance for LogLD showed a series of possible candidate genes that were classified into 1 7 3 three groups: related to the immune response, cytoskeleton or metalloproteases. The 1 7 4 genes are listed in Table 3 and Table 4 for Atlantic salmon and rainbow trout, respectively. 1 7 5
In salmonids, the main response of the immune system to parasites is mediated by T-1 7 6
Helper 1 and T-Helper 2 32 cells. Thus, genes related with immune response, either by 1 7 7 promoting leukocyte growth or favoring migration or activation are strong candidate genes. 1 7 8
For instance, in Atlantic salmon we found T-cell activation Rho GTPase-activating protein 1 7 9
(TAGAP) which participates in the activation and recruitment of T cells by cytokines 33 , and 1 8 0 tenascin R (TNR) which is an extracellular matrix protein, present in bone marrow, thymus, 1 8 1 spleen and lymph nodes 34 . The latter has been described as having an adhesin function 1 8 2 favoring the mobility of lymphocytes and lymphoblasts 34, 35 . In rainbow trout, we found 1 8 3 candidate genes with similar functions, such as, T-box 21 (tbx21), also known as T-bet (T-1 8 4 box expressed in T cells). This gene belongs to the sub Tbr1 family 36 , and generates type 1 8 5 1 immunity and participates in the maturation and migration of T-helper 1 (Th1) cells, 1 8 6 which in turn produce interferon-gamma (IFN-γ). Studies have described T-bet expression 1 8 7 in NK cells (natural killer), dendritic cells and T CD8+ cells 37, 38 . A recent study 26 on gene 1 8 8 expression with C. rogercresseyi infestation in susceptible and resistant Atlantic salmon 1 8 9 indicated that several components of the immune system (inflammatory response, 1 9 0 cytokine production, TNF and NF-kappa B signaling and complement activation) and 1 9 1 tissue repair are upregulated during infection. 1 9 2
Forkhead box protein N1-like (FOXN1) present on Ssa9 of Atlantic salmon is part of a 1 9 3 family of genes widely studied in humans, which are related to various functions including 1 9 4 cell growth, lymph node development and T cell differentiation 39 . In addition, it has been 1 9 5
proposed that FOXN1 has a role in the activation of fibroblast growth factor receptors 39 . 1 9 6
Meanwhile in trout on Omy21, serine/threonine-protein phosphatase 2A 56 kDa was 1 9 7 identified, which is described as having participated in cell growth and signaling 40 . Robledo 1 9 et al. (2018) 26 recently found that in Atlantic salmon, this protein showed the most 1 9 9 significant change in the expression ratio between healthy skin and skin where sea lice 2 0 0 were found 26 . In Atlantic salmon, we identified Tripartite motif-containing protein 45 (TRIM) 2 0 1 on Ssa25 which belongs to a large family of proteins present in diverse organisms that can 2 0 2 function as a ligase, and can modify ubiquitins and proteins stimulated by interferon of 15 2 0 3 kDa (ISG15) 41 . 2 0 4
Warm-water fish, such as Zebrafish (Danio rerio) and rita catfish (Rita rita), lower 2 0 5 infiltration of neutrophils, favoring wound closing by means of accelerated growth of the 2 0 6 epidermis which can take place in a few hours 42 . In coho salmon (Oncorhynchus kisutch) it 2 0 7 has been observed that a neutrophil infiltration occurs until the second day after sea lice 2 0 8 infestation, together with an inflammatory reaction and hyperplasia in the zone 43 , with 2 0 9 posterior leukocyte recruitment and migration. 2 1 0
Several metalloproteases were found in both species, but for the interest of this study, we 2 1 1 focused on GEM-interacting protein which interacts with Rab27a or its effector in 2 1 2 leucocytes. Rab is a large family of small GTPasas responsible for vesicle cellular 2 1 3 transport 44 . Deficiencies of this molecule or the related human protein (?), is correlated 2 1 4 with immune deficiencies due to the malfunction of cytotoxic activity of T-lymphocytes, 2 1 5 natural killer cells and neutrophils 45 . 2 1 6
Considering the importance of cell growth and movement in response to sea lice 2 1 7 infestation, the cytoskeleton may play a considerable role in this response as well. Genes 2 1 8 related to the cytoskeleton were identified, such as epidermal growth factor (EGF), found 2 1 9 on Ssa9. This gene is part of a superfamily of receptors with tyrosine kinase activity that 2 2 0 have been described in a variety of organs with growth promoter functions, cellular 2 2 1 differentiation 46 and could participate in tissue repair by promoting cell growth 36 The top ten SNPs that explained the greatest variance are located on Ssa9 of the Atlantic 2 3 3 salmon, in close proximity to the breast carcinoma-amplified sequence 3 (bcas3) gene, 2 3 4 which in Atlantic salmon codes for a cell migration factor associated with microtubules that 2 3 5 favors cellular mobility 49 . Cell migration is generally induced in response to chemotactic 2 3 6 signals, which induces changes in the cytoskeleton and extracellular matrix 50 . 2 3 7
We also found in trout, the tripartite motif-containing protein 16-like on Omy15, which is 2 3 8 part of the TRIM superfamily and has functions related to cell differentiation, apoptosis, 2 3 9 regulation of transcription and signaling pathways 41 This gene is similar to Tripartite motif-2 4 0 containing protein 45 present on Ssa25. In this region, we also found a locus that codes 2 4 1 for interferon-γ 2 (ifng2), which is a cytokine that participates in type 1 immune responses 2 4 2 and that favors the presentation of antigens and activation of macrophages 51 . On this 2 4 3 same chromosome (Omy15), we also identified putative ferric-chelate reductase 1 (frrs1), 2 4 4 which has been described as having functions in the fixation of iron in teleosts 52 . Robledo and distributed into three ponds as described in previous studies 5,8 . Infestation with the 3 1 1 parasite was carried out using 13 to 24 copepods per fish, stopping the flow of water for 6 3 1 2 hours after the infestation. The challenge lasted 6 days, then the fish were euthanized and 3 1 3 the sea lice were counted on all of the fins. A sample of tail fin was taken for genetic 3 1 4 analysis and the wet body weight of each fish was measured. The rainbow trout (GCF_002163495.1) 68 and Atlantic salmon (GCF_000233375.1) 17 3 5 9 genomes were downloaded from the NCBI and subset for chromosomes associated with 3 6 0 sea lice resistance was downloaded using samtools 69 . Synteny between the chromosomes 3 6 1 was identified by aligning the sequences using the program Symap v3.4 70 . Circos 71 was 3 6 2 used to plot the relationships between rainbow trout and Atlantic salmon chromosomes 3 6 3 and to plot sea lice resistance associations to their respective locations. 3 6 4 3 6 5
Candidate Genes 3 6 6
The flanking sequences surrounding SNPs associated with sea lice resistance were 3 6 7 aligned to the most recent reference genomes of rainbow trout and Atlantic salmon using 3 6 8
BLASTn 72 . The sequence was saved in FASTA format. BLASTx was then used to identify 3 6 9 coding sequences for proteins in these associated windows. Blast2Go 73 was used in 3 7 0 parallel with the FASTA file to identify proteins and select them by function. 3 7 1
For both species, the reference genome of Danio rerio (GenBank Assembly Accession: 3 7 2 GCA_000002035.4) was used to annotate proteins that were not characterized in the 3 7 3 rainbow trout or Atlantic salmon reference genomes. To identify orthologous 3 7 4 proteins/genes between species, the OrthoFinder 74 program was used with the FASTA 3 7 5 sequences obtained with BLASTx. 3 7 6 3 7 7
Ethics approval and consent to participate 3 7 8
All the experimental challenges were approved by the Comité Institucional de Cuidado y 3 7 9
Uso de Animales of the Universidad de Chile (Certificate N 17,041-VET-UCH). between Atlantic salmon (green and labeled Ssa) and rainbow trout (orange and labeled 4 1 7
Omyk) chromosomes. Values from the wssGBLUP analysis are plotted on the outer ring, 4 1 8 with significant associations plotted in red (values ≥ 1). 4 1 9 
